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Oi~jecdles, This study investigated 1) the role of left ventricular
dis tgalia nl+uunl to by ve fail ventricular diastolic dys
•
fiaal+ ti r1, and 2) the e of a c an 1st on
di ;ta lac nomuldormity in h ve mal n
ve subjects .
ark u1lld. Augmented left ventricular diastolic nonunifor-
butea to diastolic dysfunction in hypertrophic cardio-
niy thy, Impaired left ventricular diastolic fun with pre-
served s function has been recognized in hypertension
.
ore, abnormal ventricular regional nonunifo ity might
also be Involved in by rt ive diastolic dysfunction in a milder
farm of hypertrophy .
t
patients with established hypertension an-
d ant ucilde veatric phy before and after nif i-
e administration . Indexes of left ventricular function were
derived by computer analysis of the activity curve . After a
tauter subdivided the left ventricle into four regions, a time
.
activity curve of each region was constructed to determine an
x of left ventricular diastolic nonuniformity . This index was
calculated as the sum of the absolute values of time difference
bet global and regional peak fill in the septet, the apical
and the lateral .1 'e a n otensive subjects were stud for
COIN . Echocardiography was performed in both groups .
Impaired left ventricular diastolic function despite normal
systolic function has been recognized in hypertension (1-3) .
The most common find with this abnormality arc a
reduction in peak filling rate and an increased time to peak
filling. Although these diastolic abnormalities can be favor-
ably modified with a calcium antagonist (4,5), the mecha-
nisms that underlie diastolic dysfunction and its modification
with antihypertensive agents are not fully understood .
Recently, nonuniform cardiac load and inactivation dis-
tribution (ventricular regional nonuniformity or asynchrony)
have been recognized as a major physiologic determinant of
ventricular diastolic function in the human heart (6--8)
.
Augmented left ventricular diastolic ncnwuformity has been
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Results . The two groups were matched for age, gender, heart
rate, echocardlographic dimensions and systolic function . In the
hypertensive group, left ventricular diastolic tilling indexes were
Impaired, with a negative correlation between peak filling rate and
the diastolic nommifornlity index . Although the change in ejection
fraction after nifedipine administration was similar in the two
groups, the increase in peak filling rate was larger inn the hyper-
tensive patients. The diastolic nonuniformity index, decreased
after nifedipine in the hypertensive but not in the control group .
This decrease correlated with improved peak filling rate in the
hypertensive group.
Conclusions, in hypertensive patients with preserved systolic
function, left ventricular diastolic nonunifo ity increases, caus-
ing early diastolic dysfunction . Decreased diastolic r 3nnuniformity
after ph logic intervention contributes to lessened ventric-
ular filling dysfunction, regard of changes in loading condi-
tions in hypertension . Thus, diastolic nonunifor ity is an im-
portant determinant of left ventricular filling abnormality and
might he a3 target or pi: acologic intervention in by massive
patients
.
(J Am Coil C lot 1993 ;22:790®5)
found in coronary artery disease (9,10) and hypertrophic
cardiomyopathy (11,12) . Because augtaletned diastolic non-
uniformity contributes to diastolic dysfunction in a severe
form of cardiac hypertrophy such a hypertrophic cardio-
myopathy (11,12), we hypothesized that it might also be
involved in diastolic dysfunction in hypertensive hearts with
a milder form of cardiac hypertrophy .
Therefore, the present study was performed to compare
left ventricular regional nonuniformity in hypertensive pa-
tients with that in healthy control subjects and to evaluate
the effects of a calcium antagonist (nifedipine) on ventricular
diastolic nonuniformity in hurwrtension using radionuclide
ventriculography .
Methods
Study groups. Thirteen patients with established mild to
moderate hypertension (seven men and six women, aged 34
to 64 years [mean 58 t 61) were studied. Each patient was
studied during a hospital stay to assess secondary causes of
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hypertension and underwent hormonal and cardiovascular
evaluations . All had essential hypertension diagnosed by
clinical and laboratory exclusion of secondary causes . No
patient had any evidence of coexisting coronary artery
disease, valvular heart disease, dilated or hypertrophic car-
diomyopwfiy, heart failure or other heart diseases in addi-
tion to cardiac hypertrophy . All patients either had never
taken cardiac medications or had discontinued taking them
for ~ I week before the study .
Ten normotcnsive subjects (seven men and three women,
aged 38 to 65 years [mean 57 A, Q served as control
subjects . They had normal findings on clinical and laboratory
evaluations, including two-dimensional and Doppler echo-
cardiography and exercise electrocardiography .
All subjects gave informed consent before the study .
Study protocol . All subjects underwent radionuclide
vent riculography at rest after fasting . Before imaging, red
blood cells were labeled by air in vivo labeling method with
20 triCi of technetium-991, Vwerlechnetale . Baseline supine
multigated equilibrium blood pool imaging was performed
15 min later, using a standard gamma camera equipped with
a high resolution parallel-hole collimator interfaced with a
commercially available nuclear medicine computer system
(Shimadzu Scintipac-700) . Data were collected at approxi-
mately a 45° left anterior oblique projection with a 10' to 15°
caudal tilt to maximally isolate the left ventricle from the
right ventricle and the left atrium . Images were acquired in a
64 x 64 matrix, with a framing rate of 25 frames/s . A total of
600 beats were collected, with exclusion of extrasystoles and
marked sinus arrhythmia . Blood pressure was measured
with a cliff sphygmomanometer .
After acquisition of the first ;et of data, a single 10-mg
dose of nifedipine was administered sublingually . One hour
later another radionuclide study was performed, with the
same camera position as in the first study, to ensure stabili-
zation of drug effects .
Two-dimensionally guided M-mode echocardiography
was performed in the standard manner, using a phased array
ultrasonic sector scanner (Toshiba SSH-65A) within I week
of radionuclide ventriculography in all subjects . Left ven-
tricular mass was calculated using the Penn convention (13) .
Analysis of radionuclide ventriculograms . Radionuclide
ventriculogranis were analyzed by the standard method .
Left ventricular time-activity curves representing relative
changes in left ventricular volume during the average cardiac
cycle were constructed from the cardiac image sequence
after background correction and spatial smoothing . with a
fixed left ventricular region of interest .
Indexes of left ventricular function were derived by
computer analysis of the time-activity curves . Ejection frac-
tion was calculated on the basis of relative end-diastolic and
end-systolic counts . Left ventricular peak ejection rate was
computed by taking the maximal negative value of the first
derivative curve . Peak filling rate was determined by taking
the maximal positive value of the first derivative curve
before atrial contraction . Both peak ejection rate and peak
A t = diastolic nonuniformity index
; ET = ejection time ; T-PFR = time to
peak filling rate .
filling rate were normalized for the end-diastolic count ~ id
expressed as the fractional end-diastolic count per second .
The time at which the peak ejection or peak filling rate
occurred was obtained by setting the second derivative of the
polynomial function to zero . Time to peak ejection rate was
measured from the R wave on the electrocardiogram and time
w peak tilling rate was measured relative to end-systole .
After the geometric center of the left ventricle at end-
diastole was determined, a computer subdivided the left
ventricle into four regions (basal, septal, apical and lateral)
by two lines that intersected at the geometric center at an
angle of 45° to the longitudinal axis of the left ventricle . A
time-activity curve was constructed for each region after
background correction and smoothing . First derivatives
(dv/dt) of these time-activity curves were computed to
determine regional peak filling rates . Because the basal
region of the left ventricle tended to overlie regions of the
mitral and aortic valves, left atrium and great vessels, this
region was not included in the analysis . The sum of the
absolute values of the differences between the time to the
peak filling rate in the global left ventricle and that in each of
the three regions (septal, apical and lateral) was calculated
and used as an index of left ventricular diastolic nc nunifor-
mity (9) . Data from the determination of regional nonunifor .,
mity in a representative control subject and hypertensive
patient before and after nifedipine administration are shown
in Table I . Thus, ventricular diastolic nonuniformity in-
creased with any change in the components of the diastolic
nonuniformity index .
Statistical analysis . Data are expressed as mean value
SD. Analysis was performed using the paired and unpaired
t test, the chi-square test or a two-factor repeated measures
analysis of variance (ANOVA) as appropriate . When an
F value was significant by ANOVA, the Student-Newman-
Keuls posthoc test was used for multiple comparisons, with
p < 6.05 considered significant . Regression coefficient was
obtained using a simple linear model .
Results
Clinical characteristics . Clinical and baseline hemody-
namic characteristics of the subjects are summarized in
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Table t . Delerminww ;,
-.)f Regional Nonuniformity in
Representative Subjects
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Regional
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,Study
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Septal Apical Lateral I t (ms)
Control subjects
Baseline
481
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478
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Nifedipine
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Hypertensive patients
Baseline
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*p < 0 .005 tp - 0,068 versus normotenilvc, control subjects . Data are
reported as number of patients or mean - SD. A t = diastolic
nonuniformity index. EDC - end-diastolic counts ; F - female ; LA
- left
atriall . L V - left ventricular ; M - male .
Table 2. The hypertensive group and the normotensive
coutrol subjects did not differ significantly with respect to
age, gender (w heart rate . Blood pressure was higher in the
hypertensive group as a result of the selection criteria ; left
ventricular mass was also higher in this group .
Mean left ventricular ejection fraction at rest in the
hypertensive group was not significantly different from that
in the control group (56 .0 ± 4.7% vs. 57.1 ± 5.6%, respec-
tively, p = NS) . In contrast, despite normal systolic perfor-
mance, left ventricular diastolic filling indexes (peak filling
rate and time to peak filling rate) were impaired in the
hypertensive group (Table 2) . When peak filling rate was
normalized for systolic function, normalized peak filling rate
(peak filling rate/peak ejection rate) was also lower in the
hypertensive than in the normotensive group . The left ven-
tricular diastolic nonuniformity index tended to be larger in
the hypertensive group .
There was a negative correlation between peak filling rate
W the diastolic nonuniformity index in the hypertensive
group (r - A73) (Fig . 1) but not in the normotew-ve group .
Peak filling rate and the diastolic nonuniformity index did not
correlate with any other hemodynamic indexes in both
hypertensive and normotensive groups,
Cardiac effecls of a calcium antMalst. The cardiac ef-
fects of nifedipine in both groups are shown in Table 3 and
Figure 2. By 60 min after nifedipine administration, the heart
rate in both groups had increased significantly over baseline
values. There was also a significant decrease in mean blood
pressure in both groups. These changes in heart rate and
blood pressure were slightly larger in the hyperivosiv, than
in the normotensive group .
The change in left ventricular ejection fraction was riot
significantly different between the two groups, although
ejection fraction increased slightly in the hypertensive group
but was
Can significantly changed in the normotensive group .
The peak filling rate improved significantly in both groups,
but the change in this rate was significantly larger in the
at (MS)
Figure 1 . Scatter plot showing the relation between peak filling rave
and the diastolic nonuniformity index (A t) in the hypertensive
patients . A significant negative correlation was found between these
indexes (r = -0.73, Y = -0 .0064X + 2 .6. p < 0.005). EDC
end-diastolic counts .
hypertensive than in the normotensive group (21 ± 11% vs .
9 ± 10%, p < 0.025). A similar result was observed with
respect to the normalized peak filling rate (p < 0 .025). The
diastolic nonuniformity index decreased significantly after
nifedipine administration in the hypertensive but not in the
normotensive group (Table 3), and the change in this index
was larger in the hypertensive group (Fig. 2) .
Relations between hemodynamic and cardiac indexes. Be-
cause nifedipine produced differences only between the
diastolic functional indexes of the two groups, relations
between left ventricular peak filling rate and other cardiac
and hemodynamic indexes were evaluated to elucidate the
mechanism by which nifedipine improves diastolic dysfuaic-
tion in hypertensive patients . In the hypertensive group,
there was a negative correlation between the changes in the
normalized peak filling rate and the diastolic nonuniformity
index (Fig. 3). Although the change in the normalized peak
filling rate correlated with that of blood pressure (r = -0 .58,
p < 0.05), there was no significant correlation between
change in the diastolic nonuniformity index and blood pres-
sure (r = 0.08). This observation indicated that the relation
between changes in the normalized peak filling rate and the
diastolic nonuniformity index in the hypertensive group was
not secondary to the change in blood pressure . No similar
relation was observed between changes in the peak filling
rate and the diastolic nonuniformity index in the normoten-
sive group. There were no significant correlations between
other diastolic indexes and any of the hemodynamic indexes
in both groups .
Discussion
The present study presents two new findings . 1) Left
ventricular diastolic nonuniformity increased and resulted in
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Table 2. Characteristics of the Two Patient Groups
3 .0
Normotensive
Subjects
Hypertensive
Patients 0
(n=10) (n=13) 0 0
Gender %5F
7M/6F
0 2 .0
0
Age (yr) 45 t : 10
53 ± 10
Heart rate (beats/min) 62 i 6
61±9
Mean blood pressure (mm Hg) 83 -t 10 121 ± 16*
LA dimension (mm) 34±5
35 :t 4
LV end-diastolic dimension (mm) 44±3 46 ± 6
N
1 .0
LV mass (glin') 93 ± 17 131 ± 37*
Election fraction
57±6 56±5
r -033
Peak filing rate (EDCIs) 2,74 ± 0 .41 2 .11 ± 0 .31* P 0 .005
Timc to peak filling rate (ms) 157°±30 198 ± 31 *
A t (ms) 54 ± 21
78 ± 36t 0
100 ISO
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Table 3 . Effects of Nifedipine on Cardiac Function
*p < 0 .05, tp < 0.01 versus the corresponding baseline values . §p < 0 .05, +p < 0.01 versus corresponding values
in normotensive control subjects . Data are reported as mean value ± SD . Abbreviations as in Table 2 .
early diastolic dysfunction in hypertensive patients with
preserved systolic function . 2) `The improvement in diastolic
nonuniformity after nifedipine administration contributed at
least in part to improved diastolic dysfunction in hyperten-
Sion .
Determination of diastolic nonnniforamity . Regional non-
uniformity has been recognized as a major determinant (in
addition to loading and inactivation) of relaxation in the
heart (6-8) . Changes in regional nonuniformity in space and
time affect left ventricular relaxation and impair diastolic
function in coronary artery disease (9,10) and hypertrophic
cardiomyopathy (11, 12) . Although impaired global left ven-
tricular diastolic function is also well recognized in hyper-
Figure 2. Plots showing peak filling rate (upper panel) and the
diastolic nonuniformity index (A t) (lower panel) in the normotensive
(open circles) and hypertensive (closed circles) groups at baseline and
after nifedipine administration . The plots indicate that both indexes
improved more in the hypertensive than in the normotensive group .
Data are expressed as mean value ± SD . +p < 0.01 versus
normotensive group ; *p < 0.05, **p < 0 .01 versus the correspond-
ing baseline value, respectively . EDC = end-diastolic counts .
Baseline
Baseline
Nifedpine
Nifedipine
0
S Change In At
A _:T ML
.
NAKASHW
0 < 0 .025
0
0
r - -0 .62
2
30
c
0
1 0
N 4-
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tension, the precise mechanisms of this abnormality have
not been fully studied because of the difficulty in obtaining
noninvasive measurements of diastolic nonuniformity . Re-
cently, radionuclide ventriculography has been accepted as a
reliable noninvasive method for assessing left ventricular
diastolic nonuniformity (9,10) . We used the modified radio-
nuclide method of Yamagishi et al . (9), which analyzes
temporal differences in regional early peak filling .
Diastolic nonuniformity in hypertension . As in previous
studies (1-5), hypertensive patients in the present study
showed a diminished peak filling rate and a longer time to
peak filling of the left ventricle than did normotensive
subjects. Many interacting intrinsic and extrinsic factors
influence peak early filling of the left ventricle (14) . Because
end-diastolic geometry, systolic function and heart rate did
not differ between our hypertensive and normotensive
groups, loading conditions other than blood pressure were
probably not responsible for the early filling abnormality . In
addition to differences in blood pressure and left ventricular
mass, diastolic nonuniformity differed slightly between the
Figure 3. Scatter plot showing the relation between percent changes
in the peak filling rate and the diastolic nonuniformity index (A t)
after nifedipine administration in the hypertensive group . A signifi-
cant negative correlation was found (r = -0 .62, Y = -0 .24X + 4 .6,
p < 0 .025) .
-60
-40 -20
2 0
_W+
Normotensive Subjects HypcAt:fisive PoW
Baseline Nifedipine Baseline Nifedtpine
Heart rate (bmtfmin) 62 t 6 69 ± 6t 61 ± 9 72 ± lot
Mean blood pressure (mm Hg) 83 ± 10 76 ± 9t 121 ± IN 102 ± 14t ;
Ejection fraction (%) 57 ± 6
5U. ± 4 56 ± 5 59 ± 51
Peak filling rate (EDC/sl 2 .74 ± 0 .41 2 .95 ± 0 .30* 2 .11 ± 131t 2 .56 ± 0 .41t
Time to peak filling rate (ms) 157 ± 30 148 ± 21 198 ± 31t 179 ± 27*§
A t(mss) 54 ± 21 56 ± 18 78 ± 36 58 ± 26-1
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two groups
. Although some studies (1,3) have demonstrated
a correlation between peak filling rate and high blood pres-
sure or increased left ventricular mass in hypertension,
others (2,15) have not and we did not observe a similar
significant relation in the present study . However, we did
find a significant negative correlation between peak filling
rate and the diastolic nonuniformity index .
Diastolic nonuniformity in the left ventricle is recognized
as a physiologic determinant of diastolic function (6-8) . It
has been observed in normal subjects as a consequence of
aging, a finding that could explain left ventricular filling
abnormalities in elderly subjects (16) . Because hypertension
d left ventricular hypertrophy are accelerated with aging,
pronounced temporal nonuniformity of the left ventricle is
characteristic not only of coronary arts.--v disease and hyper-
trophic cardiomyopathy, but also of essential hypertension .
Therefore, our results indicate that diastolic nonuniformity
can modulate changes in diastolic function in hypertension,
regardless of systolic function .
Effects
of calcium antagonist . To test the hypothesis that
pharmacologic intervention may lessen global left ventricu-
lar diastolic dysfunction by reducing diastolic nonuniformity
in hypertension, we administered the calcium antagonist
nifedipine, which has been re-ported (4,11,17-19) to improve
diastolic function in a variety of cardiac diseases . The
method used to administer this drug can influence its cardiac
effects. Intracoronary injection of nifedipine produced a
negative inotropic effect and impaired relaxation in animal
and clinical studies (20-22), whereas intravenous or oral
administration generally produced positive inotropism and
improved relaxation (23,24) . Although sublingual adminis-
tration of nifedipine produced changes in blood pressure,
heart rate and peak filling rate in both groups in the present
study, it improved the diastolic nonuniformity index only in
the hypertensive group . Furthermore, the observed change
in peak filling rate was significantly larger in the hypertensive
than in the normotensive group,
Because loading conditions (blood pressure and heart
rate) and diastolic nonuniformity both changed after nifedi-
pine administration, we examined the significance of their
interaction . The change in peak filling rate correlated with
changes in the nonuniformity index and in blood pressure
but not with a change in heart rate . However, the change in
the nonuniformity index did not correlate with the change in
blood pressure. Although many hemodynamic and intrinsic
factors are involved in determining peak early filling (14), the
greater improvement in peak filling rate in the hypertensive
group after nifedipine administration (Fig . 2) and the signif-
icant correlation between changes in peak filling rate and the
diastolic nonuniformity index (Fig . 3), but not between
changes irk the diastolic nonuniformity index and blood
pressure in this group, indicate that diastolic nonuniformity
has an eff,.,
ct on early filling that might be independent of
changes in blood pressure and heart rate. These findings are
consistent with previous reports (9,10,12) of
parallel changes
in peak early filling rate and the diastolic nonuniformity
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index in coronary artery disease and hypertrophic cardiomy-
opathy . Thus, a calcium antagonist could improve global
diastolic dysfunction by diminishing left ventricular diastolic
nonuniformity in hypertension .
Mechanisms of pronounced diastolic nonuniformity . There
are several possible mechanisms of pronounced diastolic
nonuniformity in diseased hearts, including nonhomoge-
neous distribution of wall thickness, regional interstitial
fibrosis, regional variation in coronary blood flow, regional
myocardial ischemia and regional differences in loading
conditions or calcium uptake (inactivation) (6,8,25) . Al-
though the present noninvasive findings do not allow us to
identify with certainty the contributing factors in hyperten-
sive hearts, the observed effects of nifedipine on diastolic
nonuniformity and global diastolic function provide some
indication of the operating mechanisms in hypertension .
Because structural abnormalities cannot be influenced by
short-term drug administration, improvement in these in-
dexes after nifedipine administration indicates that dynamic
and reversible mechanisms including regional ischemia
rather than fixed regional morphologic abnormalities such
as regional fibrosis and nonhomogeneotr myocardial hyper-
trophy-must be responsible for decreased regional nonuni-
formity . Because, regardless of their symptoms, hyperten-
sive patients with cardiac hypertrophy have a coronary
perfusion abnormality at the small vessel level (26,27),
nifedipine probably improves diastolic nonuniformity in hy-
pertensive hearts by balancing regional myocardial blood
flow. Alternatively, nifedipine may enhance myocardial in-
activation by reducing intracellular calcium overload either
by a direct influence on calcium influx or by indirect effects
mediated by reduced ischelnia in hypertension .
Conclusions . Increased left ventricular diastolic nonuni-
formity resulted in early diastolic dysfunction in hyperten-
sive patients with cardiac hypertrophy and preserved sys-
tolic function . In hypertensive patients, reduced diastolic
nonuniformity after the administration of a calcium channel
antagonist contributed at least in part to decreased diastolic
dysfunction, regardless of changes in loading conditions.
Despite methodologic limitations, the present study under-
scores the role of regional nonuniformity as a determinant of
left ventricular filling abnormalities in hypertensive hearts .
Further studies are needed to explore this implication .
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